Objective: Eating disorders are associated with multiple medical complications. We report contemporary medical data, for newly admitted adult inpatient and residential level of care patients.
complications in a large sample of adult patients with AN and BN admitted to a residential-inpatient eating disorder treatment center. An additional unique aim of this study was to compare the prevalence of medical complications across the major categories of eating disorders.
| M E TH OD
The sample consisted of 1,026 adult patients consecutively admitted at inpatient or residential levels of care status associated with the Eating Recovery Center (ERC) in Denver, CO between October 2012 and July 2015 (see Table 1 ). The patient's multidisciplinary care team made the initial diagnosis of anorexia nervosa restricting subtype (AN-R), anorexia nervosa binge-purge subtype (AN-BP), bulimia nervosa (BN), or eating disorder not otherwise specified (EDNOS) consistent with DSM-IV criteria (American Psychiatric Association, 2010) . However, those patients admitting to Eating Recovery Center during this study period, who were just hospitalized at Denver Health medical center on the Acute Urgent Treatment of Eating Disorders (ACUTE) medical stabilization unit prior to admission, were excluded from the study because they had been medically stabilized during their ACUTE admission. The admission criteria for ACUTE include but are not limited to a weight <65% of ideal body weight, non-sinus cardiac arrhythmia, heart rate <40 beats per minute, inability to function independently due to physical deconditioning and weakness, refractory and profound hypoglycemia, hepatic failure or critically abnormal chemistry value. In contrast, admission criteria to the inpatient-residential unit at ERC reflect patient's moderate-severe eating disorders, but not the extreme forms of the illness with regard to weight, abnormal blood work values, medical complications and functional status. Also, the designation of inpatient versus residential at ERC merely reflects a level of care status with regard to the required frequency of weekly psychiatric visits, but both levels of care are physically on the same treatment unit. Thus, their clinical characteristics were not consistent with a new ERC admission, who had not first been stabilized on ACUTE. Demographic, medical history, and clinical data were extracted from patient medical records via retrospective review. Laboratory tests were used to detect the following conditions: hyponatremia (Na < 135 mEq/L), hypokalemia (K < 3.5 mmol/L), metabolic alkalosis (mild: HCO 2 3 29-34 mEq/L, severe: HCO 3 >34 mEq/L), hypoglycemia (glucose < 60 mg/dL), and hypophosphatemia (p < 2.7 mg/dL); low prealbumin (<25 mg/dL), elevated alanine transaminase (ALT > 44 IU/L), elevated aspartate transaminase (AST > 40 IU/L), low vitamin D (< 30 ng/mL), leukopenia (white blood cell count < 4.0 K/mL), low hematocrit (<36%), thrombocytopenia (platelet < 150 K/mL), macrocytic (mean corpuscular volume > 100 fL), and microcytic anemia (mean corpuscular volume <80 fL). Electrocardiograms were used to detect bradycardia (<60 beats/min), tachycardia (>100 beats/min), nonsinus rhythm, axis deviation, and long QT (>500 ms). Bone mineral density (BMD) was assessed at the hip, femoral neck, and lumbar spine, using hologic dual-energy X-ray absorptiometry (DXA), and was expressed as either Z or T scores. Z scores were used for patients who were <20 years old and T scores for patients who were 20-60 years old. Osteopenia was diagnosed for an average BMD Z score between 21 and 22 or a T score between 21 and 22.5. Osteoporosis was diagnosed for an average BMD Z score less than 22 or T score less than 22.5. Height was recorded in inches using a mounted stadiometer. Weight was recorded on the first morning after admission.
Percent of ideal body weight (%IBW) was determined using the Hamwi equation (Hamwi, 1964) . Identifying information was removed from the dataset prior to analysis; Sterling Institutional Review Board (Atlanta, GA) granted approval for the study. Note. AN-BP 5 anorexia nervosa, binge/purge subtype; AN-R 5 anorexia nervosa, restricting subtype; BMI 5 body mass index; BN 5 bulimia nervosa; EDNOS 5 eating disorder not otherwise specified; % IBW 5 percent of ideal body weight. Data reported are mean values SD. All variables collected upon admission. p values represent significance of mean differences after Bonferroni correction.
| Statistical analysis
One-way analysis of variance (ANOVA) with planned contrasts or v 2 tests were used to test for significant differences between diagnostic categories on continuous and categorical variables, respectively. Pearson correlations were used to examine the association between continuous variables. Because of the large number of analyses, a standard
Bonferroni correction was applied to each set of planned contrasts to decrease the chances of Type 1 error (see Shaffer, 1995 Note. AN-BP 5 anorexia nervosa, binge/purge subtype; AN-R 5 anorexia nervosa, restricting subtype; BN 5 bulimia nervosa; CO 2 5 carbon dioxide; EDNOS 5 eating disorder not otherwise specified; mEq/L 5 milliequivalents of slute per litre of solvent; Na 5 sodium; K 5 potassium. Data reported are mean values SD. All variables collected upon admission. p values represent significance of mean differences after Bonferroni correction.
| Metabolic-biochemical abnormalities
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| 307 AN-BP, and 6.5% of patients with BN had hypophosphatemia on admission (p's 5 n.s.). Table 4 illustrates hematologic values and abnormalities. The average white blood cell count was higher among patients with BN (6.2 K/mL, SD 5 2.0) than among patients with AN-R, (4.8 K/mL, SD 5 1.9) or AN-BP patients (5.2 K/mL, SD 5 2.3). There were no differences among diagnoses in hematocrits. Leukopenia was the most common blood count abnormality in all patients with anorexia nervosa (38.2%), followed by anemia, which was present in 9.9% of AN patients. In addition, white blood count was moderately correlated with BMI 
| Hematologic abnormalities
| Overall complications
Lastly, patients with AN-R had on average, 2.6 (SD 5 1. 
| D ISC USSION
The current investigation is the largest single site study of the medical complications of AN and BN in adults, at the time of their admission. It reveals a heavy burden of medical comorbidities across multiple body systems. Moreover, the relationship between increasing severity of the eating disorders (i.e., lower BMI) and the increased prevalence of medical complications is an important bellwether for patients and providers alike. Interestingly, a recent study of facilitators of contact with eating disorder treatment professionals, found that health-related concerns were a primary facilitator for initiating access efforts (Regan, Cachella, & Minnick, 2017 ).
In addition, for those patients with the diagnosis of AN-BP and BN, the two most common purging behaviors endorsed in our study are consistent with previous reports (Koracs & Plamer, 2004) . The high frequency of multiple different purging behaviors utilized speaks to the need for specific questioning about all the different potential purging behaviors (Roerig, Mitchell, & de Zwaan, 2003) .
The admission prevalence of hypophosphatemia, one of the most dangerous medical complications in AN, was actually quite small, with only about one in twenty patients with AN having a low serum phosphorus level on admission. This is an important clinical finding. There is good evidence in the refeeding literature that the best predictor of the subsequent development of refeeding hypophosphatemia is the nadir BMI on admission (Brown, Sabel, Gaudiani, & Mehler, 2015) . Yet refeeding hypophosphatemia is a very different entity than the initial presence of hypophosphatemia at the time of admission. The latter is clearly much less common than the subsequent development of hypophosphatemia during refeeding. A similarly low rate of hypophosphatemia, at admission, was very recently reported in a 215 patient study in children and adolescents with eating disorders (Peebles et al., 2017) .
The electrolyte and acid-base findings from this study are also worthy of additional discussion. First, although hyponatremia is the most common electrolyte abnormality in hospitalized medical patients (Henry, 2015) , it is less common in eating disordered patients. This is somewhat surprising since a common type of hyponatremia, that of hypovolemic hyponatremia (Corona et al., 2016) is the type of hyponatremia that all forms of purging behaviors would cause as a result of dehydration.
Indeed, this state of progressive dehydration from purging in turn causes the pseudo-bartters syndrome and the proclivity for the vexing edema formation in patients who excessively purge (Bahia, Mascolo, & Mehler, 2012; Mascolo, McBride, & Mehler, 2016) . However, when hyponatremia is present on admission, it is likely to have a very different cause in patients who purge versus those who only restrict. In the latter population, hyponatremia is likely reflective of the kidneys' impaired ability to clear free water, due to decreased solute being filtered in the kidney. In contrast, it is reflective of a state of dehydration-induced hyponatremia in those who engage in purging behaviors (Chung, Kluge, & Scholer, 1987 ).
An additional point worth mentioning is the danger inherent in the rapid correction of hyponatremia related to the development of catastrophic central pontine myelonisis (CPM) (Verbalis, Goldsmith, & Greenberg, 2013) . Although hyponatremia also occurs in some patients receiving SSRIs and SNRIs (De Picker, Ban Den Eede, Dumont, Moorkens, & Sabbe, 2014), which our data suggest were being prescribed in almost 55% of the patients in this study, we do not think they were a likely cause of it in this study because over the first few days, sodium levels normalized as a result of appropriate treatment, which did not included discontinuing the use of these medications.
The finding of hypokalemia on admission, logically, was almost exclusively limited to the eating disordered patients who engage in purging behaviors. A recent study of medical patients referred to a tertiary academic medical center for etiological evaluation of their longstanding diagnosis of idiopathic "chronic hypokalemia" found that the most common, non-renal cause of hypokalemia, was indeed covert purging due to bulimia (Wu et al., 2017) . What was unexpected in our study was the 15.2% prevalence of hypokalemia in AN-R patients, as one would expect those patients to have mostly normal admission serum potassium levels. The general tenet has been that the finding of hypokalemia in an otherwise healthy, young AN-R patient, indicated that they are not being truthful about their surreptitious purging behaviors. We cannot be certain about the veracity of the AN-R designation, since this is a retrospective study of medical findings in this patient population. The easiest way to ferret this out, in the setting of unexpected hypokalemia, is via a spot urine potassium level. If low, it is indicative of a gastrointestinal source of potassium loss (Alexandridis & Elisaf, 2001 ). In addition, hypokalemia is known to develop with refeeding as part of the restarting of anabolism, which might be the reason for the finding of hypokalemia in patients with AN-R. Hypokalemia is one of the most dangerous laboratory abnormalities, especially in females (Jensen, Braband, Vinholt, Hallas, & Larsen, 2015) .
With regard to acid-base status, metabolic alkalosis often accompanies hypokalemia and hypovolemic hyponatremia (Forney, BuchmanSchmitt, Keel, & Frank, 2016) . The metabolic alkalosis is most often due to a "contraction" alkalosis type, which simply means that the patient is dehydrated (volume contraction), likely from purging behaviors. This state of dehydration in turn causes an increased secretion of the adrenal mineralocorticoid hormone, aldosterone, along with renin and angiotensin, which in turn cause the kidneys to more avidly reabsorb sodium bicarbonate to maintain the patient's volume status and prevent further dehydration and the risk of fainting (Schrier, Masoumi, & Elhassen, 2010 ). In the current study, the presence of more severe degrees of metabolic alkalosis, as defined by a serum bicarbonate level >39 mg/dL, was indeed specific for AN-BP versus AN-R. The presence of hypokalemia and a more severe metabolic alkalosis defines those patients with BN and AN-BP as being at risk for the development of severe edema due to pseudo-Bartter's syndrome with cessation of purging (Mascolo, McBride, & Mehler, 2016; Mascolo, Trent, Colwell, & Mehler, 2012) . Thus, severe metabolic alkalosis can be a useful marker to define covert excessive purging behaviors, especially self-induced vomiting. Finally, it is worth noting that of the three most common electrolyte-acid base aberrations seen with purging behaviors, hypokalemia was the most frequently present.
Hypoglycemia was uncommon in all of this study's patients. This speaks both to the body's ability to maintain normoglycemia despite disordered eating, and also to the fact that our patients were appropriately not of the most extreme subtype. In contrast, in an outcome study of patients with AN, of the extreme subtype, 44% were reported to have hypoglycemia (Gaudiani, Sabel, & Mehler, 2014 ) and thus required a higher level of care at an inpatient medical hospital. But, when hypoglycemia is detected on admission, judicious thought is required to define the optimal level of immediate care, because hypoglycemia is a negative prognostic sign in AN (Stravitz et al., 2007) .
Additional notable blood chemistry results are the liver function tests. Overall, they were often abnormal on admission, especially the ALT liver test. This is likely attributable to apoptosis (programmed liver cell death) (Nagata, Park, Colditz, & Golden, 2015; Narayanan, Gaudiani, Harris, & Mehler, 2010; Rosen E, Bakshi, Watters, Rosen HR, & Mehler, 2017) , as a direct result of malnutrition. In contrast to the state of liver steatosis, where there is rapid and excessive deposition of fat in the liver, seen in obesity and also in overly aggressive refeeding of patients with AN (Kransdorf, Millstine, Smith, & Aquel, 2015) wherein the AST is typically higher than the ALT, in the apoptotic state of AN, the ALT is typically higher than the AST. This pattern is exactly what our results demonstrate in patients with AN.
Some additional blood chemistry findings are worthy of comment.
Vitamin D deficiency and resultant need for supplementation has been increasingly found in the general population (Schleicher, Sternberg, & Lacher, 2016) . We too found a substantial number of patients who had low admission 25-hydroxy Vitamin D levels. A 25-hydroxy Vitamin D level should be obtained for eating disordered patients, given its key role in bone health and the serious issue with loss of bone mineral density found in this population. With regard to prealbumin, it has previously been demonstrated in patients with AN, to be a more sensitive marker of malnutrition than albumin (Gaudiani, Sabel, & Mehler, 2014; Narayanan, Gaudiani, & Mehler, 2009) . Here again, a high percentage of our study patients with AN were found to have a low prealbumin level. This finding has two valuable messages: (a) Do not be lulled into complacency by a normal admission serum albumin level in AN and (b)
A better marker of the state of malnutrition in AN is the prealbumin level. Interestingly, the surprisingly normal level of albumin, in AN, was noted thirty years ago in a descriptive paper on the blood findings of AN (Umeck, 1988) .
The complete blood count (CBC) data in this study show that in a moderately severe population of patients with AN, thrombocytopenia (low platelets) was the least frequent CBC finding. Thus, when present, thrombocytopenia may merit further evaluation (Cleary, Guadiani, & Mehler, 2010) . Anemia was more commonly seen, and was detected in approximately 20% of patients with AN. Of note, macrocytic anemia was more typical than microcytic. Thus, when anemia is present, and it is of the microcytic type, it is not likely to be singularly attributable to the eating disorder per se. Lastly, the white blood cell counts were the most frequently low of the three blood cell lines. This is presumably due to some degree of gelatinous marrow transformation (Mehler & Howe, 1995) . However, this is generally not clinically significant, because, the rate of infections is not increased in AN and serum complement levels are known to be normal. (Flierl et al., 2011) . Indeed, in this study there was a significant correlation between the BMI and the white blood cell count in patients with AN.
Data extracted from electrocardiograms of these patients provide worthwhile material for medical practice. Perhaps most important is the finding of a normal QTc interval in the vast majority of patients with AN. In fact, the average QTc in AN was even shorter than the QTc found in heavier patients with BN and EDNOS. There has long been concern that the marked increased risk of sudden cardiac death in AN (Arcelus, 2011; Kask, 2017) may be attributable to a prolonged QTc, causing torsade de pointes (Lesinkiene, Barkus, Ranceum, & Dembinskas, 2008; Nielsen, 2001; Swenne & Larson, 1999; Ulger et al., 2006) . There has been emerging evidence that counters this theory and instead teaches that QTc is not inherently prolonged in AN, and when it is found to be prolonged, it is due to either aberrant electrolyte values or as an adverse effect of medications (Jauregui-Garrido, & Jaurequi-Lobera, 2012; Krantz, Donahoo, Melanson, & Mehler, 2005; Krantz et al., 2011) . Our study further emphasizes that when a patient with AN is noted to have a dangerously prolonged QTc (>480 ms), it is prudent to not summarily ascribe it to their diagnosis of AN, but rather it is important to look for other potential causes (Drew et al. 2010; Gupta, Mody & Pansley, 2015; Jensen, Juul, Fink-Jensen, Correll, & Pagsberg, 2015) . Our QTc data are very consistent with this theme in that the average QTc was shorter in AN-R patients versus both AN-BP and BN patients. In addition, bradycardia was found to be most common in AN-R patients, consistent with the known increased parasympathetic tone (Spauding-Barclay, Stern, & Mehler, 2016) . Bradycardia resolves as weight is restored after about 88% of IBW is achieved (Friederich et al., 2006; Sachs, Harnke, Mehler, & Krantz, 2016) .
Right axis deviation was relatively rare in our patients with AN, but more common than left axis deviation. This is explained by the thin habitus of these patients and does not need additional work-up. Similarly, any rhythm besides sinus rhythm was rare in AN; thus, if a rhythm other than sinus rhythm is noted on the admission EKG, additional evaluation is warranted (Krantz, Gaudiani, & Mehler, 2011) .
Finally, the bone density results are clinically informative for a number of reasons. Overall, they again poignantly speak to the aggressive rate of loss of bone mineral density in these patients, which belies their young ages (Fazeli, 2014; Miller, 2011) . Over 50% of the patients with AN had significant loss of bone mineral density (i.e., osteopenia or osteoporosis). Specifically, among patients with AN, 31.3% had osteopenia and 25.9% had osteoporosis. As a result, these patients may be left with an increased life-long risk of fragility fractures. Some of this poor bone density outcome is likely due to provider inertia and misinformation (Sattari et al., 2017) . Therefore, each time a patient enters treatment, they should be asked when their last DXA was performed.
There however remains a paucity of randomized controlled trials to inform the treatment of osteopenia in eating disorders (Drabkin, to inpatient-residential treatment. Consequently, we cannot rule out the possibility of bias in the resulting sample due to systematic variation between those who were included and those who were excluded.
Lastly, the cross-sectional design of the study is an inherent limitation.
In summary, in this study of over 1,000 patients with AN-R, AN- 
